The metabolic consequences of obesity are well-documented in Western populations. However, limited data are available on the association between body mass index (BMI) and cardiovascular risk factors in developing countries. The authors therefore examined the association between BMI and cardiovascular risk factors in a very lean population in China. A total of 2,542 subjects aged 20-70 years from a rural area of Anqing, China, participated in a cross-sectional survey, and 1,610 provided blood samples in 1993. Mean BMI (kg/m 2 ) was 20.7 for men and 20.9 for women. After adjustment for age, sex, education level, occupation, current alcohol use, and cigarette smoking, BMI was significantly associated with systolic and diastolic blood pressures (p < 0.0001). The adjusted odds ratio for hypertension (systolic pressure £140 mmHg or diastolic pressure £ 90 mmHg) across quintiles of BMI (quintile medians: 18.0, 19.4, 20.6, 21.8, and 24.0) were 1.0, 1.34, 2.46, 2.61, and 4.90 (95% confidence interval: 3.20, 7.50). A higher BMI was directly associated with higher levels of serum total cholesterol, triglycerides, and fasting glucose and lower levels of high density lipoprotein cholesterol. These data from a very lean Chinese population confirm independent relations between body mass and cardiovascular risk factors observed in predominantly overweight Western populations and extend the range of associations to lower BMI levels than do previous studies. Am J Epidemiol 2000^ 51:88-97. body mass index; cardiovascular diseases; hypertension; lipids; obesity Obesity is a growing epidemic worldwide (1). Currently, nearly one quarter of the US population is considered to be overweight (defined as a body mass index (BMI) = 25-29.9 kg/m 2 ), and an additional one quarter is clinically obese (defined as BMI ^ 30) (1). Body weight is also increasing in developing countries that are undergoing economic transitions, including China (2, 3). The metabolic consequences of obesity are well documented in Western populations (4): Obese individuals are at increased risk of hypertension, hypercholesterolemia, hyperglycemia, hyperinsulinemia, and type 2 diabetes. However, it is unclear whether the relations between BMI and cardiovascular risk factors observed in predominantly overweight individuals also apply to persons at the lower end of the BMI distribution in a typical Western population. Hence, data from very lean populations in developing countries can be informative. Unfortunately, scant data are available on the association between body mass and cardiovascular risk factors from developing countries (5, 6). We therefore examined the relation of BMI to blood pressure, hypertension, blood lipids, and fasting glucose in a rural Chinese population.
The metabolic consequences of obesity are well documented in Western populations (4): Obese individuals are at increased risk of hypertension, hypercholesterolemia, hyperglycemia, hyperinsulinemia, and type 2 diabetes. However, it is unclear whether the relations between BMI and cardiovascular risk factors observed in predominantly overweight individuals also apply to persons at the lower end of the BMI distribution in a typical Western population. Hence, data from very lean populations in developing countries can be informative. Unfortunately, scant data are available on the association between body mass and cardiovascular risk factors from developing countries (5, 6) . We therefore examined the relation of BMI to blood pressure, hypertension, blood lipids, and fasting glucose in a rural Chinese population.
MATERIALS AND METHODS

Study site
Spanning 80 km along the north bank of the Yangtze River, Anqing, China, has three urban areas and eight rural counties covering 15,000 km 2 . The population size was approximately 6 million in 1992. From 1993 to 1997, researchers from the Harvard School of Public Health, Harvard Medical School, Anhui Medical University, and Anqing Health Bureau conducted a large-scale, community-based study in Anqing to examine environmental and genetic risk factors of chronic diseases, including hypertension. Anqing has been the site of several epidemiologic studies on genetic and environmental etiologies of chronic diseases in China, which have allowed for validation of the methods (e.g., interviewing scheme and blood pressure measurement) used in this study (7, 8) .
Study population
These participants were selected from 20 townships in four counties based on a two-stage sampling approach. The sampling unit is a village in the first stage and a nuclear family in the second stage, based on the following criteria: 1) both parents are alive; and 2) there are at least two children in the family. We limited the analysis to 2,542 participants aged 20 years or older from 776 families.
Procedures
The survey team was made up of locally hired interviewers fluent in the dialect of the region and faculty members from Anhui Medical University. Local officials and health centers arranged for the interviews and measurements to take place at the central office at times convenient to the participants. Additional visits were requested for subjects with missing or ambiguous data. Trained interviewers administered questionnaires to gather information on each participant's date of birth, occupation, education level, current cigarette smoking, and alcohol use. Anthropometric measurements, including height and weight, were taken using standard protocols, with subjects not wearing shoes or outerwear. Height was measured to the nearest 0.1 cm on a portable stadiometer. Weight was measured to the nearest 0.1 kg with the subjects standing motionless on the scale. BMI was calculated as weight (kg)/height (m 2 ). Blood pressure measurements were obtained by trained nurses after subjects had been seated for 10 minutes by using a mercury manometer and appropriately sized cuffs, according to standard protocols (9) . Triplicate measurements on the same arm were taken, with at least 30 seconds between readings. Each patient's systolic and diastolic blood pressures were calculated as the mean of the three independent measures. Dietary information was collected through face-to-face interviews by using a semiquantitative food frequency questionnaire that included 13 food items (meat, fish, rice, flour, other grains, beans, eggs, milk, fresh vegetables, salted vegetables, fruits, potatoes, and smoked foods).
In this population, only 10 subjects (0.3 percent) reported use of antihypertensive medications. In addition, 85 subjects (3.3 percent) reported diagnosed emphysema or pulmonary heart disease; 67 subjects (2.6 percent) reported diagnosed coronary heart disease or cardiomyopathy.
Blood samples were obtained from 1,610 (63 percent) study participants using 10-ml vacutainer tubes containing ethylenediaminetetraacetic acid (EDTA) (one tube) and citrate (one tube) after an 8-hour fast. Tubes were kept on ice and subsequently centrifuged for 10 minutes in a tabletop refrigerated centrifuge at 4,000 rpm. Plasma samples were frozen and stored at -85°C. Glucose was measured by the oxidase method. Plasma total cholesterol and triglycerides were measured by enzymatic methods (Boehringer Mannheim, Mannheim, Germany). Plasma high density lipoprotein cholesterol (HDL cholesterol) was measured by the same enzymatic method after precipitation with dextran sulphate/magnesium chloride. Low density lipoprotein (LDL cholesterol) was estimated according to the formula LDL cholesterol = total cholesterol -HDL cholesterol -triglycerides/5 (10) .
Participants who did not provide blood samples (n = 935) were unwilling, not available, or ill. They were more likely to be farmers and to have a lower education level, and their BMI and blood pressure levels were slightly lower (table 1). Analyses of the relation between BMI and blood pressure using all subjects or only subjects who provided blood samples yielded similar results.
Statistical analyses
We used multivariate linear regression to examine the relations between BMI and cardiovascular risk factors, simultaneously controlling for age, sex, education levels, occupation, current smoking, and alcohol use. In separate models, we used systolic pressure, diastolic pressure, serum total cholesterol, HDL cholesterol, 
RESULTS
A total of 2,542 participants aged 20-70 years were included in the analyses: 51 percent were females; 72 percent were illiterate or had only an elementary school education; 69 percent were fanners; 32 percent (61 percent males and 5 percent females) reported current smoking; and 15 percent (30 percent males and 2 percent females) reported current alcohol drinking. The average BMI for this population was 20.8 kg/m 2 (standard deviation (SD) 2.5). Table 2 describes distribution of BMI according to characteristics of the participants. Although mean BMI did not differ substantially across different age groups, the percentage of underweight (BMI <18.5 kg/m ) increased with age, whereas the percentage of overweight (BMI £25 kg/m 2 ) increased from young adult to middle age but declined from middle age to elderly. The marked increase in the prevalence of underweight in the elderly may, in part, reflect increased chronic illness. However, the relation between BMI and age did not appreciably change after exclusion of subjects who reported chronic illness (including emphysema, pulmonary heart disease, coronary heart disease, or cardiomyopathy; n = 152). The percentage of overweight was greater among participants with higher levels of education (junior or senior high school) compared with those who were illiterate or had an elementary school education (12.9 vs. 5.2 percent). Table 3 describes mean values of blood pressures, HDL cholesterol, LDL cholesterol, total cholesterol, total cholesterol/HDL cholesterol ratio, triglycerides, and glucose according to characteristics of the participants and quintiles of BMI. Mean values of systolic and diastolic pressures as well as prevalence of hypertension increased monotonically with increasing age and BMI. Mean values of LDL cholesterol, total cholesterol, total cholesterol/HDL cholesterol ratio, and glucose also increased with age. Mean value of HDL cholesterol decreased monotonically with increasing BMI, whereas total cholesterol/HDL cholesterol ratio increased with BMI levels. Table 4 shows parameter estimates and standard errors from separate regression models predicting Table continues systolic pressure, diastolic pressure, hypertension, HDL cholesterol, LDL cholesterol, total cholesterol, total cholesterol/HDL cholesterol ratio, triglycerides, and glucose levels. In all of these models, BMI and age were treated as continuous variables. After simultaneous adjustment, BMI, age, and sex each significantly predicted systolic and diastolic pressures as well as prevalence of hypertension. BMI was inversely associated with HDL cholesterol level (p < 0.0001), but positively associated with LDL cholesterol (p = 0.07), total cholesterol/HDL cholesterol ratio (p = 0.02), and triglyceride levels (p = 0.002). Adjustment for intakes of foods assessed by the food frequency questionnaire had little impact on these associations. Exclusion of subjects who reported chronic illness did not appreciably alter the results. Table 5 shows estimated average differences in blood pressures, lipids, and glucose levels across quintiles of BMI from multivariate analyses. We also provided estimated changes in the dependent variables with one unit change in BMI. Compared with the lowest quintile of BMI (median value = 18.0), the values of systolic and diastolic pressures increased monotonically with increasing levels of BMI. The magnitude of change was slightly greater for males than for females. In contrast, the HDL cholesterol level monotonically declined with increasing levels of BMI. In addition, BMI was significantly associated with LDL cholesterol and total cholesterol in males, but not in females. Similar gender differences were also observed for total cholesterol/HDL cholesterol ratio, triglycerides, and glucose.
After adjustment for age, sex, education, and other covariates, odds ratios for hypertension (systolic pressure >140 mmHg or diastolic pressure >90 mmHg) across quintiles of BMI (quintile medians: 18 • All models used linear regression except that the model for hypertension used logistic regression. All models included body mass index (BMI), age, sex, education level, occupation, current alcohol use, and current smoking. Statistically nonsignificant covariates were not shown in the table.
t SE, standard error; SBP, systolic blood pressure; BMI body mass index; DBP, diastolic blood pressure; HDL cholesterol, high density lipoprotein cholesterol; LDL cholesterol, low density lipoprotein cholesterol.
ing to age groups and categories of BMI. The elevated risk of hypertension with increasing BMI was seen within each age group, and the marked rise in risk of hypertension with age was also evident within each category of BMI. Compared with participants who had a BMI of less than 19 and were less than age 36 years, the odds ratio of hypertension for those who had a BMI of greater than 22.2 and were age 56 years or more was 78.2 (95 percent confidence interval: 25.6, 238.9, p< 0.0001).
DISCUSSION
We observed strong positive associations between body mass and blood pressure and hypertension in this very lean rural Chinese population. We also observed an inverse association of BMI with HDL cholesterol levels and direct associations with total cholesterol/HDL cholesterol ratio, fasting glucose, and triglyceride levels.
Elevated blood pressure and increased risk of hypertension among obese individuals have been observed in numerous studies in Western populations (12) (13) (14) (15) . In the Nurses' Health Study (16) , women with a BMI of 32 or greater had approximately six times higher risk of developing hypertension compared with women whose BMIs were less than 23. Obese individuals often have lipid abnormalities, including reductions in HDL cholesterol and elevations in triglycerides (15, (17) (18) (19) . The correlation between BMI and total cholesterol is less clear, especially among older individuals (18, 20) . In addition, obesity, particularly central adiposity, has been linked to glucose intolerance, hyperinsulinemia, and insulin resistance (21) .
The mechanisms for the relation between obesity and blood pressure have not been fully elucidated. Insulin resistance and peripheral hyperinsulinemia resulting from overweight and obesity may play a critical role in the development of hypertension (29) . Other postulated factors include excessive caloric intake, enhanced sympathetic activity, and even the greater lean mass present in obese subjects (29) . In addition, enhanced salt sensitivity among obese indi- viduals may be also responsible for the development of hypertension (30) . The possible mechanisms between overweight and dyslipidemias are also complex and are not well understood. The reduction in HDL cholesterol among overweight individuals may be due to two mechanisms: 1) direct removal of HDL cholesterol from the circulation by the adipose tissue; and 2) separation of the lipid from its apolipoprotein A-l transport protein or its cholesterol ester (29) . On the other hand, hypertriglyceridemia associated with obesity is probably due to overproduction of very low density lipoprotein triglycerides (29) .
While the adverse metabolic effects of overweight and obesity have been well documented in Western populations, the relation between BMI and cardiovascular risk factors in lean populations is less clear. Several studies in lean populations with a low salt intake found no clear relation of body mass to blood pressure (22, 23) . On the other hand, limited available data from Chinese populations have suggested significant relations of body mass to cardiovascular risk factors. He et al. (5) studied the relation between BMI and blood pressure and hypertension in three populations in southwestern China (mean BMI, about 21 kg/m 2 ) and found significant positive associations between BMI and blood pressure and hypertension. In a study in urban and rural Guangzhou, China, Folsom et al. (6) observed significant relations of BMI as well as waistto-hip circumference ratio to blood lipids and fasting glucose. Our data are in agreement with these studies. The range of BMI in our population is clearly at the lower end of the distribution for typical Western populations. The strong relation between body mass and cardiovascular risk factors observed in our study suggests that the metabolic abnormalities associated with greater BMI exist on a continuum. In other words, there is no apparent threshold for this relation within the range of BMI in our population, with median values ranging from 18 in the lowest quintile to 24 in the highest This suggests that the lowest risk of coronary heart disease and overall mortality found among very lean individuals in Western populations is biologically plausible, although caution is needed in extrapolating data from one population to another. In addition, whether the observed associations between BMI and cardiovascular risk factors among very lean populations such as ours will translate into long-term risk of coronary heart disease and overall mortality is yet to be determined.
We observed a marked rise in blood pressure and hypertension with increasing age. This is in contrast to the findings of near absence of hypertension or rise of blood pressure with age in a study of four remote populations in the INTERSALT study (24) , which has been attributed to low salt intake. Furthermore, alcohol use was directly related to hypertension in our study, a finding consistent with many previous studies (25) . We found an inverse association between cigarette smoking and blood pressure. Lower blood pres-sures among smokers have been also observed in some other studies, although the mechanism is unclear (26) . There was little sex difference in HDL cholesterol level in our study. A previous study found only a small sex difference in HDL cholesterol concentration in Chinese populations (27) . Finally, current drinkers were found to have significantly higher levels of HDL cholesterol. This result is consistent with many metabolic and epidemiologic studies (28) .
One strength of our study lies in the near absence of antihypertensive or cholesterol-lowering medications in this population, which makes it possible to ascertain individuals' real (untreated) blood pressure or serum cholesterol levels. One limitation of this study is that we did not measure physical activity. However, the majority of our participants are farmers, and they usually perform similar agricultural tasks. In our analyses, we adjusted for occupation, which could be considered as an approximate measure of different activity level. Because the study was not designed to study nutrition, we obtained only a crude measurement of diet using a food frequency questionnaire with 13 major food items. Adjustment for intakes of those foods in the analyses had little impact on the associations between BMI and cardiovascular risk factors.
In summary, our data from a very lean Chinese population confirm independent relations between body mass and cardiovascular risk factors previously observed in predominantly overweight Western populations. Although the problem of underweight and undernutrition still exists in rural China, the prevalence of overweight is rapidly increasing in China (3), especially in urban areas. In the Beijing area, 25 percent of the men and women have a BMI above 25 (31) . Given the serious health consequences associated with overweight and obesity observed in Western populations, prevention of overweight and obesity is imperative in developing countries.
